The recent report by Patridge and Ferry (20) on the identification of a function for WrbA in the archaea emphasizes the continued importance of experimental measurements leading the way to the identification of the function of a protein encoded by a hypothetical gene. WrbA was first discovered in 1993 when Yang et al. (25) found that it copurified with the tryptophan repressor protein and thus assigned it the name tryptophan (W) repressor-binding protein (WrbA). The enzyme showed strong sequence similarity to the flavodoxin family of proteins, having the ␣/␤ core of the flavodoxin fold but with an additional ␣/␤ unit unique to the WrbA family (9) . These authors concluded that members of the WrbA family of proteins were unlikely to function as DNA-binding proteins. Biochemical experiments with the purified protein showed that it contained bound flavin mononucleotide and was multimeric in solution (10) . Despite this early work, the physiological role of the protein remained unclear. Thus, we had an example of a protein for which the gene sequence was known and some of the biochemical properties of which had been determined, but its function was not discernible. The breakthrough finally came from experimental work with fungi (1, 13) and plants (17) , where several biochemically characterized NAD(P)H:quinone oxidoreductases with low sequence identity to the WrbA family were identified. This allowed Patridge and Ferry to make the connection between WrbAs in the archaea and this family of enzymes, a connection discounted by these earlier authors because of the low (32%) sequence identity to the archaeal enzymes.
This situation is in contrast to the large numbers of open reading frames that have only been identified in silico and for which we have at present no or limited biochemical data as to their function. Suggestions as to the possible functions of these gene products come only from bioinformatic studies. From genomic and protein sequence data, we have "piles of information but only flakes of knowledge" about these proteins (8) . All of this clearly reveals an ever-growing problem in this postgenomic world: our inability to predict the functions of the thousands of genes that have been and are continually being identified. Not only are the predictions sometimes not correct, but many times even with a relatively firm annotation of sequence similarity to proteins of known function, surprises are found when their enzymatic reactions are studied experimentally in detail. The fundamental problem is that we cannot predict protein function from sequence and/or structure with any degree of certainty (16) . The number of folding patterns for proteins is surprisingly limited, with ϳ80% of the proteins utilizing 1 of the 400 structural folds identified to date (6) . Specific functions evolve by duplication, recombination, and divergence of this core repertoire (5) . Understanding the molecular paths that lead to the evolution of one function from another in a given superfamily is one of the next challenges of structural biology, impacting not only our understanding of how proteins evolve but also the task of correctly annotating the genes identified by whole-genome sequencing (15) .
Our inability to relate a specific reaction to a specific folding pattern is the major reason for the increased interest in obtaining crystal structures of enzymes containing bound substrates, cofactors, products, and transition analogs. In addition to WrbA, there remain many established "enzymes," such as the old yellow enzyme (24) and rhodanese (3) , that have been studied for years yet whose true functions remain obscure.
Two obstacles currently stand out in the annotation of specific roles of proteins. The first is the increasing numbers of protein families that can be defined from gene sequence data but cannot be related to proteins of known function. The second is the occurrence of nonorthologous gene replacements of enzymes in known biosynthetic pathways. Problems with genome annotation (21) have also been documented. Genomics and bioinformatics provide a good system for filing data and ultimately establishing the limits of the possible metabolism that an organism can do but do not establish what the reactions or pathways are. The genomic and bioinformatic disciplines supplied the informational framework that initiated the discovery of new biosynthetic pathways to ribose-phosphate (11), aromatic amino acids (22) , and cysteine (23), but only through experimental work were the new pathways actually defined.
Even when we can predict the type of reaction catalyzed by a specific gene product, we are often unable to establish the substrates used by the enzyme. One area where this is a real problem is in predicting the enzymology of carbohydrate-active enzymes (7) . Bioinformatics can predict genes related to known glycosyltransferases, but prediction of the structures of the substrates is not possible. We still need biochemists to prepare the substrates to test the specificity of the recombinant glycosyltransferases (7) . Where are these scientists going to come from as we see a decrease in the numbers of students doing experimental biochemistry? The reasons for this decrease are many, from a reluctance to use chemicals to an increased belief that computers can solve all the problems. This is why laboratory courses in chemistry and biochemistry are continuing to fall by the wayside and are being replaced by computer-generated experiments. Proteomics is more complex than genomics by several orders of magnitude (4), and enzymology (enzymomics?) is an order of magnitude still more complex and timeconsuming.
Adding to our difficulty in predicting protein function is the enormous ability of enzymes to adapt new functions and catalyze many different reactions. Enzymes have long been known to be catalytically promiscuous, and many of them can catalyze more that one chemical reaction (14, 19) . They have an enormous potential to evolve, and the smallest of changes in their structures can have large catalytic consequences (18) . Larger changes can completely change their substrate specificities (26) . In view of these facts, it is amazing that we have seen so few examples of nonorthologous replacement of different enzymes in biosynthetic pathways. Because most metabolic enzymes have evolved to "catalytic perfection" (2), they are unlikely to be replaced by newly evolving enzymes which are far from perfect. These observations indicate that the enzymes in the metabolic pathways present in the last universal common ancestor had already evolved close to perfection. New enzymes may arise only in response to drastically different environmental needs, e.g., in the extremophiles.
The establishment of a specific enzymatic reaction by a given gene product, however, does not prove that this is the reaction catalyzed by the enzyme in the cell. It does not prove the physiological purpose of enzymatic reaction. This requires the generation of a knockout mutant and characterization of the resulting phenotype.
The discipline of biochemistry has been inverted since its inception as a result of genomics. Originally enzymes were isolated based on assay of the specific reactions they catalyzed (function). Thus, when, for example, a specific mutation in histidine biosynthesis was linked to a specific enzymatic activity, we had conclusive proof of the function of the gene encoding this enzyme. Assignments of function based on genomic data must be verified by experimental data generated by assays of the isolated purified enzyme or recombinantly produced enzymes.
Given the lack of biochemical information for most enzymes from microorganisms in general, without even considering the enormous number of uncultured bacteria (12) , it is apparent that determining the functions of all annotated genes is an enormous task, requiring the work of biochemists well into the future.
